INTRODUCTION
Periodontitis is a complex chronic inflammatory disease that results in the loss of connective tissue and alveolar bone support of the teeth. Periodontal diseases are highly prevalent (1 -2) , with chronic periodontitis (CP) being the most common form of disease showing prevalence rates of more than 90% for adults above 60 years. Furthermore, it is the major cause of tooth loss in adults above 40 years, and for the more severe forms, according to the WHO, human populations worldwide are affected at prevalence rates of up to 20% (3) . A pathogenic microflora is the causative agent for the development of periodontitis, which is often promoted by a poor oral hygiene and smoking (4) , which both contribute strongly to the disease risk. The microflora of the mouth contains myriads of bacteria which grow in biofilms on tooth surfaces and on the oral mucosa as complex colonies (5) . Thus, the oral mucosa is a critical protective interface between external and internal environments, and it can be considered to some extent as a gateway for pathogens to other parts of the body, which eventually induce the development of further inflammatory diseases (6 -7) . Likewise, epidemiological studies described comorbidity between periodontitis and coronary heart disease (8 -9) , which is dependent on the severity of periodontal disease (10 -11) , type 1 and type 2 diabetes (12), rheumatoid arthritis (13) , pulmonary diseases (14 -15) and intestinal bowel disease (16) . Moreover, the association of periodontitis with an increase in premature death in adults was reported (17) .
Apart from the environmental factors, formal genetic studies have demonstrated the genetic basis of periodontitis and indicated that about half of the population variance in CP can be attributed to genetic factors, with a concordance rate of 0.23-0.38 for monozygotic twins (18) and a heritability of 50% for dizygotic twins (19) . But hitherto, almost all association studies with periodontitis have led to controversial results, leaving the inherited components largely unexplained (20) . However, a recently published study could demonstrate that periodontitis is genetically related to coronary heart disease by at least one susceptibility locus (21) .
In order to identify genetic risk factors that predispose to periodontitis, we conducted a two-stage genome-wide association study (GWAS) in individuals of aggressive periodontitis (AgP), the most extreme form of periodontal diseases, for which it is assumed that genetic factors play the most prominent role in disease susceptibility (20) .
RESULTS

GWAS for AgP
In a first stage, we conducted a GWAS in 141 German cases affected with the sub-phenotype generalized AgP and 500 controls (GWAS1; see Table 1 for phenotype description). Next, we performed a separate GWAS comprising 142 German cases of the sub-phenotype localized AgP and further 472 controls (GWAS2), and analyzed it separately without the knowledge of the GWAS1 results. Several genomic locations were identified as potentially associated with periodontitis by GWAS in stages 1 and 2 (Supplementary Material, Tables  S1 and S2 ). In the analysis of the generalized AgP panel of GWAS1, 197 quality-controlled SNPs passed the pre-assigned threshold for an allelic x 2 association test, while, using the same test, 244 quality-controlled SNPs passed it in GWAS2.
Next, the significant SNPs were compared for conformity within both GWAS. Out of these SNPs, only rs1537415 remained significant in both stages and showed the same direction of effect in both GWAS periodontitis populations (Supplementary Material, Tables S1 and S2 ). This SNP is located within intron 2 of GLT6D1 (glycosyltransferase 6 domain containing 1; Gene ID 360203) on chromosome 9q34.3. In the generalized AgP of GWAS1, the rare G allele of rs1537415 showed a significant association of P ¼ 1.8 Â 10
24 and an odds ratio (OR) of 1.67 [95% confidence interval (CI) 1.27-2.18; Table 2 ]. In the localized AgP of GWAS2, the rare G allele was similarly associated with P ¼ 3.1 Â 10 24 and had an OR of 1.65 (95% CI 1.26 -2.17; Table 2 ).
Validation of the GWAS lead-SNP association
We validated the association of rs1537415 in the Dutch AgP panel of 164 Dutch AgP cases and 368 Dutch controls, which included both generalized and localized AgP patients, with P ¼ 5.7 Â 10 23 and an OR of 1.47 (95% CI 1.12 -1.93; Table 2 ).
Combined analysis of the GWAS and validation panels
We additionally performed a Cochran -Mantel -Haenszel (CMH) test in the two GWAS panels and the validation panel for rs1537415, assuming a homogeneous genetic effect of this SNP in all the three samples. In this combined analysis of 438 cases and 1320 controls, rs1537415 showed a P-value of 5.51 Â 10
29 and an OR of 1.59 (95% CI 1.36 -1.86).
Sequencing of GLT6D1
After successful validation of the association of the lead SNP rs1537415, we sequenced the exons (including 200 bp distal to the exon/intron borders), the 3 0 -UTRs, and 250 bp of the promoter in 47 samples, which consisted of 34 homozygote carriers of the associated minor G allele, two heterozygotes and 11 homozygote carriers of the major C allele (primer sequences are available online in Supplementary Material, Table S3 ). We found no variant in any of the exons [five very low frequent coding SNPs were annotated in dbSNP (NCBI build36)]. Variants that were already annotated in dbSNP were identified in intron 3 (six), intron 4 (one), distal to the 5 0 end (two) and the 3 0 end (two) (Supplementary Material, Table S4 ). We detected two new variants within the 3 0 -UTR, one (position 137 655 470) was found heterozygous in only one individual. The other SNP (position 137 656 011) was subsequently genotyped and did not show a significant association with periodontitis in the pooled population. The detected 3 0 -UTR variants rs12336965, rs17040344 and the intronic SNP rs17593794 had already been selected for the subsequent fine-mapping, where they were not associated.
Fine-mapping of the association signals of GLT6D1
To narrow down the association signal, we fine-mapped GLT6D1 in a pooled population of AgP patients (n ¼ 447) and controls (n ¼ 1236 from the preceded experiments, 236 further population representative German popgen controls). We covered the genomic sequence of GLT6D1 including 6 kb upstream and 2 kb downstream of the transcribed sequences by 23 haplotype tagging SNPs (htSNPs). One SNP (rs1930745) showed significant deviations from HardyWeinberg equilibrium in cases and controls (P , 0.001) and Table S6 ). After correction for multiple testing with a conservative Bonferroni threshold that guaranteed an experiment-wise significance level of a ¼ 0.05, four htSNPs remained significant, all within the genomic sequence of GLT6D1, with rs1537415 being the most significant. The associations remained significant after adjustment for the periodontitis specific covariates gender, smoking and diabetes in a logistic regression analysis and after Bonferroni correction for multiple testing (Fig. 1 
Haplotype analysis
Eight haplotypes with a frequency ! 2% could be inferred from the four significant SNPs (Supplementary Material, Table S9 ). For two haplotypes, the frequency distribution showed a highly significant difference between cases and controls. In particular, the GCTC haplotype composed of the rs1537415-G, rs11103111-C, rs1333239-T, and rs7466817-C alleles was 8.6% more frequent in the cases (P ¼ 6.0 Â 10
26
), and the reciprocal CTCG haplotype was 4.7% more frequent in the controls (P ¼ 7.0 Â 10 24 ). After 100,000 permutations, the lead SNP rs1537415 was marginally stronger associated in the single SNP analysis (P ¼ 1.0 Â 10
25
) than the GCTC haplotype (P ¼ 8.00 Â 10
). The association observed for rs11103111, rs7466817 and rs1333239 were weaker by one and two orders of magnitude compared to rs1537415 (Supplementary Material, Table S9 ), indicating that the GWAS lead SNP showed the strongest association signal with periodontitis in this region.
Tissue-specific expression of glt6d1
GLT6D1 is a hitherto uncharacterized gene, and little was known on the tissue-specific expression patterns of the transcript. To characterize the expression pattern of this gene in the gingiva ( Fig. 2A) as well as in the major human tissues (Fig. 2B ), we performed an expression analysis using quantitative RT -PCR. We detected expression of GLT6D1 in cDNA isolated from both healthy and inflamed gingival tissue samples. In addition, strong gene expression of GLT6D1 was found in leukocytes and testis, whereas faint expression was documented for specific cDNA of pancreatic tissue samples. In comparison to the gingival epithelium, the gene expression of GLT6D1 was significantly stronger in the gingival connective tissue (P , 0.001; Fig. 3 ). No significant difference was observed between healthy or inflamed gingival tissue samples. Values are given as mean [standard deviation (SD)] when appropriate. Affection status was based on reported history (except for the number of affected teeth which was analyzed on the basis of radiographs by the clinicians, smoking was estimated by self-report). Numbers represent successfully genotyped individuals. GWAS, genome-wide association study; n.s., not specified.
Reduction in binding affinity of GATA-3 for the disease-associated G allele
The lead SNP rs1537415 is located in intron 2 of GLT6D1. To identify a possible causative effect, we conducted a computational analysis of potential transcription factor (TF) binding sites at this genetic locus, utilizing a large compendium of 554 binding models of vertebrate TFs obtained from the TRANSFAC database (22) . The rare variant of rs1537415 led to a significant reduction in the predicted binding affinity of GATA-3 (Supplementary Material, Table S10 ). Next, we experimentally confirmed the predicted change in binding affinity upon rs1537415 C ! G exchange by electrophoretic mobility shift analysis. Double-stranded radioactively labeled oligonucleotides which spanned SNP rs1537415 by .20 bp to both sides and were specific for either the C or the G allele (see Materials and Methods section for oligonucleotide sequences), were incubated with nuclear proteins isolated from human epithelial cell line of cervical carcinoma (HeLaS3), embryonic kidney cell line (HEK293), human T cell leukemia Jurkat cells and human acute monocytic cell line (THP-1). The presence of the major C allele showed strong binding of nuclear protein in lymphoblastic Jurkat cells. This binding was found to be decreased in the presence of the disease-associated G allele in this cell type, with an inverse correlation of the amount of the free probe and the band's intensity (Fig. 4) . For the other cell types, only very faint protein binding was observed, and this observation was independent of the respective genetic background (Fig. 4) . Next, to validate the identity of the nuclear binding protein, we overexpressed GATA-3 in HEK293 cells, where it is normally not expressed (Fig. 5) . Whereas no electrophoretic mobility shift could be detected in HEK293 cells, in HEK293 cells overexpressing GATA-3, a shifted band was detected. The size of the band corresponds to the band shift seen with Jurkat nuclear cell extracts. This finding further supports that GATA-3 could bind to the region of rs1537415.
DISCUSSION
In this study, we provide evidence for disease association of the glycosyltransferase GLT6D1 on chromosome 9q34.3 with AgP. The rare G allele of the lead SNP rs1537415 reached a genome-wide significance level of P ¼ 5.51 Â 10 29 , OR ¼ 1.59 (95% CI 1.36 -1.86) in the combined analysis of GWAS and validation panels. In a subsequent finemapping experiment, this SNP was found to exhibit the strongest association with AgP, showing a P-value of 5.4 Â 10
26
, OR ¼ 1.51 (95% CI 1.26 -1.81) after adjustment for the risk factors smoking, diabetes and gender. The robustness of our finding was also reflected in the highly similar minor allele frequencies (MAF) of rs1537415 in all three case populations, which contributed to the observed combined significant association signal in a similar fashion. The rare G allele was enriched in the German cases with generalized (50.0% MAF) and localized AgP (49.3%) by 12%, when compared with the German controls (37.5 and 37.1% in GWAS1 and GWAS2, respectively). A similar degree of enrichment (9.4%) was observed when we compared the Dutch cases (49.0%) with Dutch controls (39.6%). The allele frequencies in the control populations are in concordance with the European HapMap CEU reference population (39.2%). The observed association implies an involvement of the hitherto uncharacterized gene GLT6D1 in the pathophysiology of periodontitis. Enzymes of the glycosyltransferase 6 family, a group of single-pass transmembrane proteins, contribute to the synthesis of histo-blood related antigens in the golgi (23) . Glycosyltransferases have been shown to play crucial roles in developmental signaling (24 -25) . It is postulated that these molecules are part of specific cellular mechanisms that regulate the spatial and temporal activity of developmental genes, and control their sensitivity and specificity to regulatory signals (26) . As an example, glycosylation of the receptor NOTCH1, which controls cell fate in the various aspects of tissue differentiation by mediating local cell -cell interactions (27) , has been shown to be crucial for a number of NOTCH's developmental functions (26) .
Our experiments indicated strong GLT6D1 expression in testis, leukocytes and gingiva, with a significantly stronger gene expression in gingival connective tissue than in the gingival epithelium. No difference in expression was observed between the inflamed and the healthy state of both gingival connective tissue and epithelium. The observed expression of GLT6D1 pattern might not reflect the overall tissue-specific expression, because the primer design allowed only detection of a region spanning exons 3 -5, and potential alternatively spliced products specific to other human tissues might have been missed. But it is likely that it reflects a role of this gene in these specific tissues. Here, the variant rs1537415, located within the second intron of GLT6D1, could have a cis-acting effect on GLT6D1 expression. Intronic enhancers (IE) have been previously described for the second intron of other genes, e.g. for IL-4 (28), where the IE confers GATA-3-dependent enhancement of IL-4 promoter activity.
Our analysis of potential TF binding affinities indicated the impairment of a potential GATA-3 TF binding site at the position of rs1537415. This prediction was experimentally supported by an electrophoretic mobility assay, which showed Association statistics are given for the panels of the three stage design generalized AgP (GWAS1), localized AgP (GWAS2) and a Dutch population of both generalized and localized AgP (Validation). Shown are the OR, the 95% confidence intervals (95% CI) and the P-values which were obtained from a x GATA-3 binding at this locus in T cells. A recent study identified more than 80 target genes for GATA-3 in Jurkat cells, suggesting a comprehensive range of action for the initiation and maintenance of T helper cell type-2 (Th2) differentiation (29) . GATA-3 is considered as the master TF in transcriptional control of Th2 differentiation (30) . Th2 cells produce the cytokines interleukin-4 (IL-4), IL-5 and IL-13, which are involved in immunity against extracellular parasites (31) and regulated by GATA-3 binding (32 -33). IL-4 is known to inhibit periodontal bone absorption as it serves as an antagonist for Th1 specific cytokines like IL-6 and IFN-g that in turn trigger the recruitment of macrophages and osteoclast formation (34) . Interestingly, the expression profile of CD4 þ cells in inflamed gingiva suggested a continuous expression of IFN-g but not for IL-4 (35) . The role of GATA-3 in IL-4 regulation has not yet been investigated in this context, but recent studies suggested a potential role of GATA-3 in preventing bone erosion in rheumatoid arthritis (36) . Furthermore, IL-4 concentration was observed to be very low in periodontal tissues of advanced AgP patients (37) , and the low IL-4 concentrations are associated with periodontal disease progression (38 -41) . Additionally, an inverse correlation between IL-4 concentration and histopathological markers of periodontitis was recently reported (42) . These data become interesting when considering that IL-4 is a potent downregulator of macrophage function and inhibitor of the secretion of pro-inflammatory cytokines such as TNF-a (43). Several recent studies on Th2 differentiation have revealed that GATA-3-dependent transcription of the IL-4, IL-5 and IL-13 gene cluster involves complex long-range intrachromosomal interactions that generate loops of DNA and physically juxtapose the promoters of these cytokine genes (44 -45) . Though highly speculative, the locus at GLT6D1 might also be part of a potential trans-acting regulatory mechanism involving chromatin-remodeling activity, leading to differential cytokine expression pattern in affected individuals. Interestingly, as a prerequisite for the arrangement of equally orientated promoters by chromatin loops, almost all genes distal to GLT6D1 up to more than 1.0 Mb are transcribed in reverse orientation, whereas almost all genes proximal to GLT6D1 up to 1.7 Mb are transcribed in forward orientation.
In conclusion, we identified the first genetic risk locus for periodontitis with genome-wide significance. The identified association with the hitherto uncharacterized glycosyltransferase gene GLT6D1 implicates this locus as an important genetic susceptibility factor, and GATA-3 as a potential signaling component in the pathophysiology of this complex disease. The identification of these primary determinants of periodontitis may not only enhance our understanding of the underlying pathophysiology and ease diagnostics, but may also provide insight into the complex interplay of impaired genetic regulation and disease development.
MATERIALS AND METHODS
Ethics statement
Informed consent was obtained from all participants and the studies were approved by the local Ethics Committees.
Study population
The case population for the GWAS was recruited from throughout Germany between 2003 and 2008. Patients with periodontitis were 35 years of age, and the standardized examination criteria have been described before (21) . The control population for the GWAS was recruited from the popgen biobank and has been described in detail elsewhere (46) . In brief, they were randomly identified on the basis of the population registry of Schleswig-Holstein, Germany (n ¼ 500) for stage 1 and by the Blood Service of the University Hospital Schleswig-Holstein (n ¼ 472) for stage 2. All controls underwent a physical examination at the popgen facilities to obtain information on the general health status. Information on the oral health status and physical risk factors (gender, smoking, diabetes) was obtained from a questionnaire that was completed during medical consultation. Additionally, a clinical check-up was subsequently performed. The replication cohort was recruited from across the Netherlands between 2003 and 2006 and comprised 164 case individuals of 35 years of age and 368 ethnically and age-matched healthy controls. A description of the GWAS and replication populations is given in Table 1 .
Genotyping and statistical analysis
Genotyping for the GWAS was performed with the Affymetrix Gene Chip Human Mapping 500K Array Set for patients and controls of GWAS1 and patients of GWAS2. The controls of GWAS2 were genotyped with the Affymetrix Gene Chip 5.0. The genotyping methodology has been described elsewhere (47) . GWAS genotype data were automatically called by the BRLMM algorithm (Affymetrix, High Wycombe, UK) and were analyzed using PLINK v1.06 (48) . Significance 
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of association with single-locus genotypes was assessed using x 2 tests for allelic 2 Â 2 contingency tables. In brief, SNPs with a genotype call rate less than 90% or a MAF , 5% were excluded. Markers were tested for deviations from Hardy -Weinberg equilibrium in controls before inclusion into the analyses (a ¼ 0.05), as previously described (49) . Out of a total of 500 568 SNPs, 345 646 (69.05%) SNPs passed general quality-control criteria in GWAS1 and were selected for the subsequent association analyses. In GWAS2, out of 440 794 SNPs that were genotyped on both the Affymetrix 500K Array and the 5.0 GeneChip, 322 825 SNPs (73.24%) passed quality criteria and were subsequently carried forward to association analyses. Before the analysis, we defined a significance threshold of P 5 Â 10 24 to follow up only a modest number of SNPs, and manually inspected bad calling of the BRLMM algorithm for the remaining SNPs [n ¼ 197 in GWAS stage 1 (Supplementary Material, Table S1 ) and n ¼ 244 in GWAS stage 2 (Supplementary Material, Table S2 )]. Only individuals with a call rate of more than 90% were included in the analysis. The genomic inflation factors were l ¼ 1.04 in stage 1 and 1.12 in stage 2. For the validation and fine-mapping, SNPlex genotyping (Applied Biosystems, Foster City, CA, USA) was performed, and TaqMan genotyping (Applied Biosystems) was performed for some of the SNPs identified in the resequencing of GLT6D1 exons and UTRs. Both methodologies have previously been described (21) . We assessed the significance of associations with or between single-locus genotypes using x 2 and Fisher's exact tests for 2 Â 2 and 2 Â 3 contingency tables where applicable, and, for the combined analysis of GWAS and validation genotype data for rs1537415, we performed a CMH test as implemented in PLINK. We used genotype, dominant, multiplicative and recessive genetic models to assess the genetic effect of the associated alleles. Significance was assessed by likelihood-ratio tests, and P-values 0.05 were considered nominally significant. Logistic regression analysis was performed in the R statistical environment, version 2.7.2 (50). Correction for multiple testing was performed using Bonferroni's method to guarantee an experiment-wise significance level of a ¼ 0.05.
Sequencing
Sequencing of genomic DNA was performed using Applied Biosystems BigDye chemistry according to the supplier's recommendations (for primer sequences, see Supplementary Material, Table S3 ). Traces were inspected for the presence of SNPs and InDels using novoSNP (51) . 
Haplotype analysis
Haplotype estimation was performed using an EM algorithm (56) . Haplotype significance was assessed via 100 000 permutations as implemented in Haploview 4.0 (53). 
Isolation of gingival tissues
Gingival samples were obtained from individuals with healthy gingival conditions and from patients with advanced periodontitis. Healthy gingival conditions were defined as follows: no redness, no swelling, no bleeding on probing and with periodontal pockets 3 mm. Gingiva of advanced CP showed all typical clinical signs of periodontal inflammation (redness, swelling, bleeding on probing) and a periodontal pocket probing depth !6 mm. Before total RNA extraction, the gingival epithelial layer was enzymatically dissected from connective tissue using 3 ml dispase (Cascade Biologics, Paisley, UK) for 6 h on ice. For analysis and quantification of the gene expression in gingival tissues samples, primary human gingival epithelial cells (GE, n ¼ 3) and human gingival fibroblasts (gingival connective tissue, GCT, n ¼ 3) were collected from healthy individuals who underwent third-molar extraction or periodontal surgery. Primary human epithelial cells were cultured in keratinocyte growth medium using supplements provided with the medium (PAA, Cölbe, Germany) and 1% antibiotics (penicillin, streptomycin, amphotericin), whereas gingival fibroblasts (GCTs) were cultured using Dulbecco's modified Eagle's medium (PAA, Cölbe, Germany) supplemented with 1% antibiotics (penicillin, streptomycin, amphotericin) and 10% fetal bovine serum. GEs and GCTs were incubated at 378C in a humidified atmosphere (5% CO 2 ). After total-RNA extraction and first strand synthesis, cDNA from both GEs and GCTs served as external standard for the gingival epithelium and the gingival connective tissue, respectively.
Expression analysis
Tissue-specific expression of GLT6D1 was examined by RT -PCR in healthy and inflamed gingival tissue samples and in the commercial 'human multiple tissue cDNA panel' (Clontech, Mountain View, CA, USA), comprising a variety of healthy tissues of the major human organs. To obtain gingival cDNA, total RNA was extracted from both epithelium and connective tissue, as well as from primary GE and GCT cell culture using the RNAeasy Protection Mini Kit (Qiagen, Hilden, Germany). The reverse transcription reaction was performed following standard protocols (iScript w , Bio-Rad, Munich, Germany). The same primers were used for all cDNA samples (forward primer: 5 0 -CCT AGA AAA CGC CCT GATG-3 0 ; reverse: 5 0 -TGC AAA CCT GCC AGT AGC-3 0 ). The expected product size was 150 bp and spanned exons 3 -5. All PCR reactions were carried out in a total volume of 20 ml, including 1 ml of cDNA and 250 nM primers under the following conditions: denaturation for 5 min at 958C; 38 cycles of 30 s at 958C, 20 s at 608C, 45 s at 728C; final extension for 10 min at 728C.
For GEs and GCTs, quantitative RT-PCR was performed. At the end of the quantitative RT -PCR, melting curve analysis was performed to confirm the amplified product was specific. For additional confirmation of the amplified PCR product, gel electrophoresis was performed on 2% agarose gels, and subsequently documented on a BioDoc Analyzer (Biometra, Göttingen, Germany). The quantitative analysis of the cDNA was performed using the iCycler w (Bio-Rad) and QuantiFast SYBR Green PCR kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. To confirm the use of equal amounts of RNA in each experiment, all samples were analyzed by spectrophotometry using NanoDrop (PeqLab Biotechnology, Erlangen, Germany) and expression analysis of the housekeeping gene glycerylaldehyd-3-dehydrogenase (GAP-DH, GeneGlobe primer, Qiagen) was performed. Sample values were normalized to the gene expression of the housekeeping gene GAP-DH (GeneGlobe primer, Qiagen), and relative gene expression was calculated using the mathematical model described in Pfaffl (57) . Data were statistically analyzed using the Kruskal -Wallis and Mann -Whitney test (SPSS v.17, Germany). The significance level was set at a ¼ 0.05.
Computational analysis of TF binding affinities
To determine which TFs were most likely to be affected by SNP rs1537415, we utilized a large compendium of 554 binding models of vertebrate TFs obtained from the TRANS-FAC database (22) . We extracted a +50 bp region around rs1537415, and determined the TF binding affinities with the TRAP method as described before (58) . In order to compare the effect of sequence variations for different TFs, we utilized a statistical framework as previously defined (59) . The P-values were estimated from a parameterization of the General Extreme Value distribution. The same procedure was applied to the reference sequence, and the variation yielding 554 pairs of properly normalized binding affinities. For a given TF, any change signaled the effect of the sequence variation on its affinity, and thus allowed the ranking of the effect of the variation in a quantitative manner. The top-ranking factors were those whose affinity was decreased by the SNP (indicating a possible loss of binding site), while the bottomranking factors had increased binding affinity (indicating a possible creation of a binding site).
Electrophoretic mobility shift assay
Human epithelial cell line of cervical carcinoma HeLaS3 (ACC161), embryonic kidney cell line HEK293 (ACC305), human T cell leukemia Jurkat cells (AC282) and human acute monocytic cell line THP-1 (ACC16) were purchased from the German Collection of Microorganisms and Cell Cultures (DSMZ, Braunschweig, Germany). Whole cells were incubated in isotonic lysis buffer (10 mM Tris/HCl pH 7.4, 10 mM NaCl, 1.5 mM MgCl 2 , 10 mM NaF) for 5 min on ice and cells were disrupted by passing them Â15 through a 26G needle. Nuclei were pelleted by centrifugation (1000g, 10 min) and incubated in hypertonic lysis buffer (20 mM HEPES pH 7.9, 420 mM NaCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 10 mM NaF, 25% v/v Glycerol) over night at 48C followed by 10 min centrifugation at 20 000g. The supernatant with the nuclear proteins were stored at 2808C. CAG CAG TAG TAT CAT GAG AGA TAA TAG TTT TTA AAA ATG-3 0 ), spanning SNP rs1537415 (underlined), were incubated with 3 mg nuclear proteins in binding buffer (Promega, Madison, USA) for 30 min on ice, and complexes were separated on a native 6% polyacrylamide/TBE gel for 2 h. Separated complexes were visualized using X-ray film. For overexpression of GATA-3, GATA-3 was amplified from cDNA by using the primers 5 0 -GAA TTC TAT GGA GGT GAC GGC GG-3 0 (forward)/5 0 -CTC GAG TAA CCC ATG GCG GTG ACC-3 0 (reverse) and cloned with EcoRI and XhoI into a pCEV expression plasmid (kindly provided by T. Miki, National Cancer Institute, Bethesda, MD, USA). The FLAG-tagged GATA-3 expression construct was sequence-verified in an ABI3700 sequencer (Applied Biosystems) before use and transformed into HEK293 cells.
